Olive is a key crop in the Mediterranean basin, socially, economically, and environmentally, being a major source of rural employment. Organic products such as olive oil have attracted many types of consumers in recent years. In this context, the Mediterranean basin represents 5 Mha of the 10 Mha of olive farming worldwide, with Spain being the leading producer. Also, during the recent decades, olive farmers met the challenges of sustainability by implementing principles of agroecological production. Therefore, the focal point is no longer exclusively on yields but also on the quality, health, and environmental aspects of products and systems. In this work, we review and analyse the global situation of organic farming, focusing on the development, current status, perspectives, and opportunities of organic olive farming in Andalusia (S Spain). In addition, we assess the environmental benefits and consequences of the shift from conventional to organic management of olive orchards, focusing on the improvement of soil quality and biodiversity. Also, the general factors affecting the decision making for acquiring organic olive oil are discussed. Our main findings show the following: (1) It is necessary to encourage educational and research programmes to promote the demand for these products, positively affecting consumer health, protecting the environment, and improving rural economies. (2) The future of organic agriculture will depend on its economic viability and on the determination shown by governments to protect these practices. (3) Further support for funding research is needed to continue studying the effect of olive cultivation on soil biological quality, changes in soil properties, and biodiversity. More importantly, these beneficial extra outputs produced for society must be interiorised in economic value to compensate organic oil producers. (4) Finally, a clear understanding of attitudes and preferences, as well as the motivations of consumer when making the choice for organic olive products, is essential in responding to this specific demand. However, as stated above, major institutional and educational actions are also needed in order to boost sustainable organic olive farming and thus the preference for organic olive oil.
Introduction
The application of organic agriculture results in less leaching of nutrients and higher carbon storage, lower erosion rates, and lower levels of pesticides in water bodies (Reganold et al. 1987; Kreuger et al. 1999; Mäder et al. 2002) . In this holistic approach, the farm is seen as part of nature, a selfcontained system that keeps external inputs to a minimum (FAO 2014) . Additionally, organic farming strongly relies on closed on-farm nutrient cycling for "closing the loop", including biological nitrogen fixation or crop rotation to enhance soil fertility by protecting soil organic-matter content (Leifeld 2012) . Thus, this agricultural management system protects biodiversity, biological cycles, and natural soil activity and keeps off-farm inputs to a minimum while supporting techniques that conserve ecological equilibrium (Gold 2014) .
On the other hand, techniques from intensive agriculture have led to the depletion of forests and grasslands over the past decades. In fact, it is predicted that during the coming years, agricultural expansion will significantly impact global biodiversity (Bienvenuti and Bretzel 2017) . For instance, these artificial systems are directly related to the decline in bird populations on European farmland (Donald et al. 2001) and to the loss of invertebrate taxa (Preston et al. 2002) . Additionally, Hole et al. (2005) in relation to the comparison between conventional and organic systems stated that a wide range of taxa, from different groups such as birds, mammals, invertebrates, and arable flora, decreases in abundance and/or species richness in intensive agriculture.
Nevertheless, many sectors contrary to organic agriculture base their arguments on the lower crop yields. According to FAO (2014) , the performance of organic agriculture on production depends on the previous agricultural management system. Hence, in industrial countries, organic systems generally produce lower yield, by an amount which depends on the intensity of external inputs previously used. However, in irrigated lands, organic agriculture usually leads to almost identical production levels. Moreover, in many traditional rain-fed agricultural areas (with low external inputs), organic agriculture has proved to be able to increase yields.
In the EU, since the beginning of the 1990s, considerable efforts have been made to promote and develop organic agriculture. To achieve this, EU countries have provided financial assistance for organic producers such as conversion subsidies for compensating the lower incomes earned during the beginning of conversion (EC 2017) .
In this context, the expansion of the cultivation of olive (Olea europaea L.) trees in the Mediterranean basin is clearly the paradigm for the increased specialisation throughout southern European countries in recent decades (Fig. 1) . The territorial impact of olive cultivation in southern Spain is in fact of high importance, since it has an extremely high level of land occupation and it is the leading olive oil producer and exporter of the world. In 2015, the production for olive growing was 7,352,095 t, with an efficiency ranging from 2270 to 5356 kg ha −1 for rain-fed and irrigated plantations, respectively (Anuario de Estadística 2016). Olive is indeed in some provinces such as Jaén and Córdoba an extreme case of monoculture with over 91% of land occupied by olive trees, making it one of the highest concentrations of tree crops in the entire EU (Sánchez and Paniza 2015) . Likewise, organic olive oil production has considerably increased worldwide (FIBL and IFOAM 2016) , but everything is not advantageous, as organic agriculture also has several drawbacks that should be taken into account, such as expensive certification systems or few organic inputs available in some places, making the final price of the organic products generally higher. Nevertheless, this price increase is often justified, due to the higher production costs for organic foods because of greater labour inputs per unit of output and the expensive control systems to avoid fraud. Also, the production can be uneven, and therefore the harvest and distribution costs are greater than those for conventional foods.
In this work, we review and discuss the global situation of organic farming, focusing on the development, current situation, perspectives, and opportunities of organic olive farming in Andalusia (S Spain). In addition, we analyse the environmental benefits and consequences of the shift from conventional to organic management of olive orchards, focusing on the improvement of soil quality and biodiversity. Also, the general factors that govern the decision making for acquiring organic olive oil are discussed.
Growth of the European organic farming sector
By Regulation (EC) No 834/2007 (EC 2007 , the European Council of Agricultural Ministers established an organic regulation on the production and labelling of organic products. This policy defined objectives, principles, and general rules for organic production and replaced Regulation (EEC) 2092/91. The results of these policies were as expected: the surface area of organic agricultural land has vastly increased, each year, with 500,000 ha of agricultural land being converted to organic in the EU. For 2000-2012, the total organic area increased by 6.7% yearly, to reach 9.6 million ha, which is 5.4% of the total agricultural area used in the EU (COM 2014) .
In 2012-2013, the Commission reviewed the European policy on organic agriculture by the Action Plan on the Future of Organic Production in Europe (COM 2014) . The plan anticipates providing farmers better information on rural development and EU farm-policy initiatives, encouraging organic farming, reinforcing links between organic farming and EU research and innovation, and to foment the use of organic food in public places such as schools and hospital. Additionally, the Rural Development Plan for (2014) (2015) (2016) (2017) (2018) (2019) (2020) foresees a separate measure to recognise the importance of organic farming for the contribution of many rural development priorities and support both conversion and maintenance of organic farming.
Concomitantly, the number of farms has expanded from fewer than 20,000 in 1991 (Organic Farming in Europe 2012) to 340,000 producers in 2014 (EC 2013), the bulk of this surge occurred mainly in just a few countries: Spain, France, Germany, and Poland. According to EUROSTAT 2015, Austria is the member state where the weight of the organic sector in the total utilised agricultural area (UAA) was the highest in 2015 (20.3%), followed by Sweden and Estonia (with 17.1 and 15.7%, respectively). In this context, it is also important to point out that Spain is the seventh state member with respect to the share of total agricultural area occupied by organic farming, with 8.2%, and it is the first country for total area devoted to organic farming (1,410,500 ha in 2015) . All of the EU 15 member states have undergone increases in the percentage of total utilised agricultural area from 1999 to 2015, ranging from 2.9% for Denmark to 300.1% for Spain, the latter registering the highest jump in the percentage of agricultural area put into use.
According to the most recent data, for 2014, there were around 340,000 producers of organic agricultural products, the value of the European organic market being 26.2 billion €, with an annual growth of 7.6% in 2014. It is important to point out that the new CAP 2014-2020 supports are provided by means of Pillar 1 (direct payments) and Pillar 2 (Rural Development Programmes (RDPs)). In this sense, certified organic farmers are qualified for receiving the so-called Greening payments. The application of these new measures started in 2015 with a great part of EU Member States proffering organic area payments for conversion to and maintenance of organic management under the Common Agricultural Policy Rural Development Programmes (FIBL and IFOAM 2016) . As of the end of 2015, all 118 RDPs had been adopted. Current European Commission data predict that over 10 million ha of land will be supported by the new Rural Development Programmes. The organic area payments will represent about 6.4% of EU public expenses for Rural Development Programmes to 2020 (FIBL and IFOAM 2016) . During 2017, Member States will also have the possibility of moving up to 15% of their Pillar 1 budget to Pillar 2 for the years 2018 and 2019. Therefore, these projections suggest that more ambitious efforts could still be made by the Member States to stimulate the growth of organic food and farming.
Spanish organic farming and oil consumption
The rise of organic agriculture has been more appreciable in Spain, currently being the European country with the highest organic agriculture surface area, i.e. 1,410,500 ha, and a total of 34,673 producers in 2015. The sales of organic products in Spain have risen by 5.42% during the period 2011-2013, with a total volume of 1018 million € (Ecological 2016) . The spending per capita has also increased from 20.45€ to 21.66 €. Despite these low values, the annual expense in organic products in Spain increased by 8.3% from 2009 to 2012 (MAGRAMA 2013a), although still far from the growth in other countries such as that in France, Italy, Austria, Germany, or Denmark, which grew by 4 to 10%.
In this line, the year 2012 can be considered a consolidation period of the wide support infrastructure for the Spanish organic production. Despite the slight decrease in surface area cultivated, the production of most of the plant products increased. Products such as oil, citrus fruits, legumes, dried fruits, subtropical fruits, and industrial crops have noticeably increased their production (MAGRAMA 2013a) .
The number of organic operators in Spain surpassed 33,600 in 2014 and the number of producers underwent a modest increment of 0.46% from 30,462 to 30,602 for the period 2012-2014. On the other hand, the organic preparers or transformers have also shown a notable rise of 9.4% from 2790 to 3082 that can be explained by the expanding trend of the local market and the exportation of prepared and transformed products (MAPAMA 2014) . The highest growth rate in 2012 was registered in the organic industry, which increased in 20.12% of establishments. In total, 4127 industries were registered, of which 3361 were related to vegetable production and 766 with animal production (MAGRAMA 2013b), with a continuous yearly growth during the period 1991-2010.
Regarding the motivation of the Spanish consumer for choosing organic products, a recent study by the Organic Monitor (Ecological 2016) reported that the consumption of organic products in Spain was approximately 21€ per person per year, which is still very low compared with that of Switzerland (210€), Denmark (163€), or Luxemburg (157€). According to MAPAMA (2014) , the average organic consumer is well informed and, furthermore, the percentage of those who consume organic products everyday has increased. Therefore, the Spanish consumer is increasingly more aware of the influence of diet on health and at the same time this is motivating the search for more natural products, bringing with it certain other new consumption tendencies related to organic farming such as "Bio-products without gluten", the so-called super-foods, and the vegan dietary tendency.
According to a recent report of the Italian farmers' group Coldiretti (2016) , global consumption of olive oil has almost doubled over the last 25 years with a jump of 73% (Fig. 2) . World olive oil consumption in 2015 was 3,295,911 t. Italy led the list of consumers with 640,443 t, followed by Spain with 540,133 t and the USA, which consumed 339,512 tons, for a 250% increase over 25 years ago (Coldiretti 2016) . Also, in Japan, the consumption in 2015 was 66,139 t, which represented a 1400% increase over the 25-year period, while the UK and Germany each consumed around 65,000 t, for an increase of 763 and 465%, respectively. Another example is Russia, where the growth was threefold in 25 years to about 23,149 t, and in France consumption exceeded 113,538 t, representing an increase of 268% (Coldiretti 2016) .
Furthermore, Spain is currently the largest European olive oil producer, accounting for more than one third of global production (Montes et al. 2013 ) and increasing on average by 1 to 1.5% per year from 1995 to the present (ESYRCE 2015).
Andalusian olive sector
In this context, during recent decades, especially after Spain's accession to the European Union in 1986, the olive sector underwent remarkable expansion (Gómez and Riesgo 2012) . This expansion was reflected in an increase in the area devoted to olive orchards and the intensification through both higher density planting and the introduction of irrigation. In Spain, the olive growing surface area is 2.61 million ha, of which 1.57 million ha (60%) are in Andalusia (S Spain), increasing on average by 1-1.5% per year from 1995 to the present (ESYRCE 2015) . Subsidies and the rising price of olive oil have fostered this growth (Parras and Lozano 2014) . The average olive oil production over the last six seasons with available data (2010/11-2015/16 ) has been 1,757,700 t, this production being 1,661,000 t for 2015 (MAPAMA 2016 . It is also important to highlight that during the last decade the average production has risen 23% compared to that of the previous period, which was 986,654 t (MAPAMA 2016). The Andalusia olive sector has undergone a powerful shift in rural development, as the organic olive has undergone a considerable increment in area devoted to its organic cultivation, mainly due to the demand for organic olive oil.
In this line, of the 2.5 million ha of Spanish olive orchards, 688,245 ha is registered by the 28 Protected Designations of Origin (PDO) for olive oil existing in Spain, and most of them are in Andalusia (Erraach et al. 2014) . The food-quality certification under PDO is established by EU regulation and ensures some quality requirements that are higher than those of other food products. Foods covered by PDOs have quality and characteristics that are due to the geographical environment, with its natural or anthropogenic components. Their production and processing always take place in the delimited geographical area that gives them their name.
Along this line, according to MAGRAMA (2015) , of the total of 1,968,570.38 ha of organic agriculture in Spain in 2015, 1,011,076.27 ha was in Andalusia, of which 28,772.34 ha was in conversion and 707,103.47 ha was already certified, followed by the regions Castilla-la-Mancha, Catalonia, and Extremadura. In Andalusia (southern Spain), there are currently 1.5 million ha under olive orchard cultivation, representing about 40% of the useful agricultural area. This accounts for 80% of Spanish production and one third of the olive orchards in Europe. In this context, the surface area of organic olive crops in Andalusia have considerably expanded in the last few years, from 31,851 ha in 2001 to 54,800.68 ha in 2012, thus making up 3.6% of total olive orchards in Andalusia (Aforo de Olivar 2013).
The main factor influencing this expansion is the ease of converting the traditional olive orchards into organic olive orchards, the campaigns to help control the olive fly [Bactroceraoleae (Rossi) (Diptera: Tephritidae)], the European economic support, and the development of scientific and technical knowledge. Córdoba is the province with the greatest amount of organic olive orchards, with 26,924.46 ha in 2015, followed by Sevilla with 18,104.75 ha and Jaén with 9380.81 ha. However, the percentage of organic olive orchards in the total organic surface area in Andalusia has been reduced in the last few years, due to a lack of adequate organic olive mills (Bosa 2011) . In fact, some olive mills do not differentiate between organic and conventional olives, so the final product has the same label regardless of the origin, and the work of farmers is not properly recognized.
In Andalusia, the regional government has recently published the "3rd Andalusian Plan of Organic Production Horizon 2020" to support and expand the organic agriculture and industry. This current plan has the following objectives:
(1) to consolidate the growth of the Andalusia organic sector, the model or example being on the national and European level; (2) to strengthen the economic and environmental competitiveness of organic plantations and industry; (3) to increase public knowledge referring to the consumption pattern and preferences of organic products; (4) to analyse the trends of organic products in the distribution chains and to improve this commercialisation in the local, national, and international market; (5) to promote the consumption of organic food; and (6) to reinforce the trust in the consumption of these products. To achieve these objectives will require the organisation and structuring of the organic production sector, the promotion and boosting of consumption, and improvement in marketing organic products.
Moreover, according to the data, the production of organic olive oil in Andalusia is predicted to increase in the coming years, which will also raise the number of agricultural day workers. However, even with these positive perspectives, it is still necessary to encourage the concentration of the offer and establish commercial practices that promote a better balance in the value chain of organic olive oil.
The consideration of organic olives and organic olive oil as a "strategic sector" in Andalusia is due to its potential to spur the economy and generate employment, and also because of its social, environmental, and cultural value. Besides considering this sector as an income and job promoter, it must also be interpreted as a sector which satisfies an environmental necessity, of land management, social equilibrium, and promotion of familiar enterprises, thereby promoting the new functions that society demands from the rural environment and fostering the sustainable agriculture in olive-growing areas.
3 Environmental impact of shifting from conventional to organic olive farming
Agricultural soils
Semi-arid Mediterranean climate regions are among the most productive agricultural areas worldwide (Aznar et al. 2011) . Despite their high productivity, many of the agricultural soils in these areas have very low organic matter content and are exposed to severe degradation and persistent fertility loss. Semi-arid soils are exposed to erosion by infrequent but intense precipitation, absence of plant cover, and high organic matter mineralisation rates related to high temperatures (Durán and Rodriguez 2008; Maestre et al. 2012) .
In this context, the expansion and intensification of olive orchards has caused negative environmental impacts such as soil erosion, overexploitation of water resources, biodiversity losses, groundwater pollution, and damage to traditional agricultural landscapes (Guzmán 2005; Francia et al. 2006; Durán et al. 2009; . Moreover, soils in the Mediterranean area are very sensitive to soil management practices. This is more important even in this zone, where desertification is a major environmental problem. In fact, under the prevailing semi-arid climatic conditions of Andalusia, intensive tillage in olive farming promotes soil organic depletion and nutrient losses; furthermore, tillage increases CO 2 emission, thus contributing to global climate change. Therefore, it is of urgent need to search for solutions and alternatives to preserve soil organic matter. Factors affecting this include soil properties and the climate itself (Lal 2009 ), but also soil management is a crucial factor (Vicente et al. 2016) .
Conventional soil management has been used since ancient times to reduce water competition between trees and weeds in Spanish Mediterranean olive orchards (Fernández et al. 2016) , and the benefits for soil properties under organic management systems in olive plantations (Soriano et al. 2013) .
Recently, Parras and Lozano (2014) under organic farming management in olive orchards for a 20-year monitoring period determined the benefits of increasing the soil organic carbon stocks in relation to conventional tillage system. With respect to the mitigation of CO 2 emission, some of the advantages of woody crops in general are biomass accumulation, promoting
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Importations Exportations x 10 3 t Fig. 2 Global production, consumption, exportation, and importation of olive oil (Coldiretti 2016) net carbon sequestration when herbaceous crops are replaced by fruit orchards. Furthermore, fruit orchards produce pruning debris that may be utilised for animal feeding or for producing energy, among other purposes (Infante and González 2013) . However, there is some concern about the temporal limitation of soil carbon sequestration, which would take place only until a new situation of equilibrium arrives (González et al. 2012) . In this context, Aguilera et al. (2015) analysed the greenhouse gas contribution of 42 pairs of organic and conventional perennial cropping systems in Andalusia, using life cycle assessment, reporting that the olive systems registered the highest difference in carbon footprint between conventional and organic management. That is, the carbon footprint averaged 24 and − 10 g CO 2 per kg for conventional and organic systems, respectively. Additionally, they demonstrated that conventional olive orchards have high emissions related to fertiliser production and, conversely, high carbon sequestration in organic management.
Thus, organic olive systems are in line with the climatic change mitigation strategy, since this management is directly related to measures such as cover cropping and recycling pruning debris. In addition, it is well known that deeper soil horizons can sequester higher quantities of organic carbon (Lorenz and Lal 2005) . In this context, Parras et al. (2013) studied the soil organic carbon, nitrogen stocks, C:N ratio and their stratification ratios for olive orchard soils, comparing organic farming and conventional tillage in "Los Pedroches" valley (Córdoba province, Andalusia). They found higher C and N concentrations in organic olive systems. Moreover, soil property stratification in depth, expressed as a ratio, indicates the soil quality under different soil management systems. The soil stratification for carbon ranged from 2.2 to 3.1 in organic farming and from 2.1 to 2.2 in conventional tillage. However, only SR2 (defined by these authors as Ap-A/C) showed significant differences between conventional tillage and organic farming. This soil stratification ratio for N showed similar trends.
Consequently, organic olive farming reduces or eliminates tillage and uses organic matter (such as manure or compost) to avoid chemical fertilisers. This decreases CO 2 soil emissions and is part of the recommended sustainable agriculture that should be of public and global interest. This is a conclusion shared by many studies which have demonstrated that organic olive systems promote higher contents of soil organic matter and nitrogen when compared to conventional olive crops. One of the reasons may be due to the use of organic amendments and the establishment of cover crops in sloping lands of Andalusia (Soriano et al. 2013; Francia et al. 2006; Durán et al. 2009 Durán et al. , 2016 . This has been shown in a significant way in some studies (Castro et al. 2008; Pajares et al. 2011 ), but in some other cases these changes have not been so evident (Mäder et al. 2002) . Likewise, in a recent study, Calabrese et al. (2015) investigated whether organic farming techniques can promote plant biodiversity and soil quality in old Mediterranean olive orchards and defined several indicators for evaluating the effectiveness. They concluded that among the organic orchards tested, differences were significant in the establishment for the different grass covers used, and a positive influence of organic management techniques was monitored on soil quality parameters and biodiversity. In orchards located in Andalusia, reported the impact of soil management systems on nematode biodiversity, soil physical and chemical parameters, and soil food webs.
Additionally, for sustainable soil use management, patterns in N soil fertilisation might have a great effect on N dynamics that must be monitored to make fertilisation programmes sustainable. In line with this, Gómez et al. (2015) evaluated net N mineralisation and nitrification in organic and conventional olive orchards of two locations differing in N input. In all cases, net N mineralisation and nitrification were higher in soils under the tree canopy. Additionally, both parameters were higher in organic farming than in conventionally managed orchards in the location with high soil total N. They also reported that annual soil N availability in olive orchards in all types of management proved higher than or similar to tree demand. Therefore, the calculation of the optimum N supply must be addressed in order to develop sustainable N fertilisation programmes.
Álvarez et al. (2007) compared soil properties in organic olive orchards and neighbouring natural zones in Andalusia. Two soil types (Eutric Regosol and Eutric Cambisol) and the most common soil management methods (tillage and two intensities of grazing) were studied. In general, they found lower values of organic carbon, macro-aggregate stability, bulk density, and saturated hydraulic conductivity in the tilled systems compared with those in the grazed ones. K and N soil concentrations were at an adequate level in the olive systems but P was too low. Organic olive systems had good properties and there were almost no significant differences with natural areas (Álvarez et al. 2007 ). In agreement with this, we conclude that in general organic olive orchards improve soil properties over the long term.
Soil biodiversity
Olive management also directly affects soil microbial activity and biodiversity. In this context, García et al. (2009) compared soil enzymes, nematode communities, and physical-chemical soil properties in three pairs of organic and conventional olive systems in Andalusia. Also, they monitored several nematode community indicators. The utilisation of the different systems explained a maximum of 26.3 and 15% of the variability found for soil enzymes and nematode community indicators, respectively. They found that organic olive-growing systems had higher soil enzyme activities. Regarding nematode indicators, the organic olive systems registered higher values only for one of the study areas. The geometric mean of enzyme activities was higher in organic than that in conventional olive orchards. Also, the greater biodiversity in Andalusian olive orchards under organic management has also been demonstrated by using breeding birds as indicators of sustainability. As an example, Solomou and Sfougaris (2014) demonstrated higher alpha diversity in organic and abandoned olive orchards and maquis than in conventional systems. They also found the highest beta diversity between the following pairs: organic olive orchards-maquis and abandoned olive orchards-maquis. Breeding-bird diversity as well as Heteroptera, Hymenoptera, Hemiptera, and Coleoptera densities positively influenced bird species richness in organic olive orchards and maquis. However, these authors found that bird species diversity was affected negatively by the use of pesticide and inorganic fertiliser application in conventional olive orchards.
Following in this context of biodiversity, Cárdenas et al. (2015) evaluated how management in olive orchards affects spiders, which are considered the natural enemies of orchard pests. They studied 18 olive orchards in Andalusia and included both ground-dwelling and canopy spider species. It was found that the organic system had a significantly higher level of abundance and diversity of canopy spiders than did the integrated pest management and conventional systems. Agricultural techniques such as ploughing had a negative impact on spider abundance and diversity whereas the establishment of hedge vegetation benefitted spiders. It is suggested that sustainability (in terms of pest control) in olive-orchard agroecosystems may be attained by maintaining hedge vegetation regardless of the management system. In these terms, also Glisakis et al. (2016) monitored soil arthropods for 2 years in organic, conventional, and integrated olive orchards in Greece. They evaluated farming practices, climate, and landscape complexity, and found significant differences in arthropod community between agroecological zones for specific taxa, seasonal diversity indexes, and functional subgroups. The group of climate, farming practices, and landscape factors consistently explained a larger portion of arthropod variability, than did management systems and agroecological zones together. These authors concluded that temperature and soil tillage, as well as relative humidity, were the most important explanatory variables.
Additionally, nematode assemblages are used as bioindicators of soil conditions in several agroecosystems. They have several features that make them appropriate for their use as bioindicators: ubiquity, abundance, and diversity. These change quickly in response to external changes (Yeates and Bongers 1999) and can be used as bioindicators of various soil functions due to the numerous roles that nematodes play within the soil food web. In this context, reported that nematode abundance and soil food webs were reduced by herbicide use in comparison to nearby oak woodlands: nematode abundance by 47.7%, taxon richness by 12.4%, and soil food web structure by 23.4%.
In addition, organic management has recently been demonstrated to be more efficient than conventional biological control for the olive fruit fly (Bactroceraoleae). Picchi et al. (2017) estimated the effect of predators on overwintering pupae sentinels. They found that in organic orchards, exposed pupae were more consumed than were pupae in conventional orchards. However, they also concluded that further experiments are necessary to clarify the role of semi-natural habitats in supporting ground pest control and support natural solutions as alternatives to the pesticide strategy.
Furthermore, biodiversity itself should have a monetary value to achieve this preservation. One of the conditions to determine this may be its quantification. The extinction or fragmentation of the original natural landscape in Andalusia is currently critical due to the extension of the land devoted to olive. Arthropod fauna is one of the most sensitive groups to these land-use changes, its monitoring in olive orchards being a good alternative to discriminate between types of management as part of the so-called bioindication, which is a powerful tool to overcome the state of the biodiversity in an agroecosystem (Ruano et al. 2004 ). In Andalusia, Jerez et al. (2014) recently evaluated arthropod fauna to distinguish between olive-management types (organic, conventional with non-tillage, and conventional with tillage). They stated that organic olives had higher abundance, diversity, and richness of orders, concluding that the use of the arthropod community has proven to be efficient to differentiate between organic and non-organic orchards.
On the other hand, bioindicators are also used by monitoring enzyme activity and microbial carbon assimilation, these being good indicators for evaluating the quality and state of a soil (Bastida et al. 2012) . In this sense, Montes et al. (2013) determined the effect of the practices of organic and conventional olive orchards in Andalusia on chemical and biological parameters by using biological assay and enzymatic activities Their results clearly discriminated three types of soils according to the management system (conventional, organic, or wild olives). Furthermore, organic olive orchards had higher contents of soil organic matter, organic C, N, and C:N ratio and higher microbial diversity compared to conventionally managed orchards.
With regard to soil management, but with reference to global environmental issues, Mohamad et al. (2013) studied the effects of agricultural practices comparing organic and traditional olive orchards in Italy on global warming potential by using the approach of the life cycle. They determined that there was a higher environmental impact on global warming potential in organic orchards due to the higher use of manure fertilisation rather than the synthetic foliar fertilisers utilised in conventional systems. At the same time, manure was the reason of higher soil organic carbon and C sequestration in organic systems. Consequently, they found higher efficiency of C sequestration in the soil following the addition of soil organic matter. The contribution of the manure to increased soil organic matter compensated for the higher carbon emission in the organic olive orchards, resulting in higher negative net C flux in the organic vs. the conventional system.
With respect to weed biodiversity, Lisek and Sas (2015) studied segetal and ruderal weeds in organic orchards with woody fruit trees. In these organic systems, weeds under canopy are eliminated with a rototiller, and in conventional systems with post-emergence herbicides, with the result that the total number of weed species in each organic orchard was higher than in the conventional version, as a result of the soil management. The biodiversity in an orchard depends on several factors, such as weed control techniques, environmental conditions, crop rotation, and type of the neighbouring crops or the proximity to natural habitats (Hole et al. 2005; Lisek and Sas 2015) . However, no studies are available comparing weed diversity in organic and conventional olive orchards.
Thus, traditional olive-orchard soil management systems based on the use on herbicides and leaving the bare soil negatively affect soil biodiversity, as well as soil properties, as was reported by the aforementioned studies. As a result, organic olive farming stands as a viable option to conserve soil properties and biodiversity with opportunities to increase sustainable agroenvironmental measures.
Organic olive multi-functionality
The progression of the term "ecosystem services" within policy strategies has promoted many definitions of this concept. According to the UK Department of Environment, Food, and Rural Affairs (DEFRA 2007), ecosystem services can be described as providing the following: (i) natural resources for basic survival; (ii) a contribution to good physical and mental health (green spaces, genetic resources for medicines); (iii) natural processes (climate regulation); (iv) support for economy (raw material for industry, agriculture or tourism); (v) social, cultural, and educational benefits.
The Millennium Ecosystem Assessment is among the most important projects to investigate the concept of ecosystem services (MEA 2005) . That is, there are three categories when defining specific ecosystem services: (i) provisioning services (food, fresh water, fibre, etc.); (ii) regulating services (climate regulation, disease regulation, pollination, etc.); and (iii) cultural services (recreation and tourism, educational, sense of place, etc.).
In this context, one of the ecosystem services (ESs) of orchards is the capacity to sequester atmospheric CO 2 , usually called the net ecosystem production, which is the balance between the amount of organic C fixed by photosynthesis (gross primary production and the respiration) (Chapin et al. 2006) . In particular, values of net ecosystem production vary from 760 to 1250 g C m −2 y −1 in irrigated olive orchard (Nardino et al. 2013) . Also, the protection of soil with cover crops in organic farming orchards has a positive effect in controlling soil erosion on the one hand by intercepting rainfall and protecting the soil surface against the impact of raindrops, and on the other hand by reducing runoff. Moreover, vegetation and litter increase soil aggregate stability and water infiltration (Durán and Rodriguez 2008) . Additionally, it bears pointing out that ecosystem services exist because people are beneficiaries of those services (Montarano et al. 2017) . In rural areas, soil is a key social resource since it is related to employment in a number of farm and farm-related jobs. Olive tree cultivation plays an important socioeconomic role by providing different ESs which includes food, local jobs, and the maintenance of traditional skills (Mohamad et al. 2013 ). Many landscapes from Southern Europe are formed and shaped up by the traditional techniques and customs (van Berkel and Verburg 2014) . In some areas, these olive landscapes are unique elements related to the history and culture of the area and they are an important attraction for tourism (Ottomano et al. 2016 ). An example of tourism as an ecosystem service related to olive culture is the so-called oleotourism (Millán et al. 2015) . These latter authors analysed this type of activity as an alternative to economic diversification in several municipalities of Andalusia. Oleotourism attracts visitors to the olive area for an in-depth immersion in the oil culture (Millán et al. 2015) : visits to oil mills, old oil windmills, oleo-libraries and specialized shops or museums, olive farms, and the olive landscapes (there are also some monumental tree specimens), participating in oil celebrations, oil-tasting festivals, itineraries related to qualified designation-of-origin oils, or attendance to major trade exhibitions, etc.
Other less tangible types of ecosystem services include cultural services, which are related to aesthetic, recreational, and spiritual benefits. This group may include ecotourism, and the use of cultural heritage (Daniel et al. 2012) . The main problem of this group is the intangibility of these benefits, which makes it difficult to measure or even establish a methodology to address them: human health or well-being, enjoyment of natural daylight or fresh air of rural areas. In fact, despite the reduction of the traditional olive systems, the natural values associated with olive growing in Andalusia have resulted in the maintenance up to the present of a considerable number of ecosystems of natural interest, including 138, 536 ha of olive (approximately 10% of the total olive surface area) under different forms of legal protection included in Natura 2000 Net.
In this context, in Andalusia, Parra et al. (2005) used an analytic hierarchy process (AHP) to assess the multifunctionality of three olive management systems (conventional, organic, and integrated) by considering criteria of different types: economic, technical, socio-cultural, and environmental. These authors concluded that in the specific application of AHP to olive, there is a general agreement among experts on the feasibility of organic olive system compared to integrated and conventional. Both organic and integrated systems are overall better, since they have a higher value for the society as a whole over the medium and long term, because they conserve soil, water, and genetic resources, they protect the environment, and their techniques are economically viable and more socially accepted. In this line, Carmona et al. (2014) evaluated a new methodology to assess multifunctionality by a farm-level model for olive growing in Andalusia. Using the Analytic Network Process (ANP), which is a Multi-Criteria Decision Analysis method, they reported that olive growers are already shifting to optimal alternative strategies to achieve high-quality products but they are disregarding social and environmental impacts. They also found that the economic improvement is compatible with social objectives and with environmental protection.
In the same sense, by taking into account several factors (economic, environmental, and socio-cultural), Egea and Pérez (2016) analysed the sustainability of some Spanish olive oil Protected Designations of Origin (PDO) through multicriteria techniques by studying different olive management systems. These authors made this analysis through 10 criteria grouped into three clusters: economic, environmental, and socio-cultural and asked experts, concluding that organic farming is the best system, followed by integrated farming, when achieving economic, environmental, and socio-cultural criteria. Conventional farming was in the third position when achieving all functions, except for the environmental criteria, for which abandonment is preferred to conventional farming in all PDOs. These authors stated that improved sustainability of rural areas is encouraged at the European level, by paying farmers for externalities.
In contrast to forest ecosystems, which are known for their ability to sequester C or regulate the water cycle (García et al. 2013) , the concept of ecosystem service has not been widely used in orchard research in general. The reason appears to be that in orchards the focus is on the production of consumable food, whereas the multi-functionality of wood-producing forests, which is close to the ecosystem service concept, has long been recognized. However, orchards have several features that might make them important for ecosystem service studies. For example, the perennial character of trees, the multi-stratum habitat, and the plant diversity within the boundaries of orchards contribute to a high level of biodiversity. The potential of C sequestration by orchard soils could be reassessed and increased to mitigate climate change.
Thus, we conclude that the internalisation of positive outputs and benefits of organic olive production is of crucial importance for society. In fact, we propose that only by orientating institutional policies to an adequate provision of ecosystem services will it be possible to make this internalisation socially efficient. To achieve this, we must take into account the concept of "agrarian multi-functionality", which was first used by the EU at the end of the 1990s and covers the following functions: (i) agrarian production, (ii) the preservation of rural areas and landscapes, and (iii) the contribution to the social feasibility of rural areas.
Furthermore, studying and analysing ecosystem services should be the base to support public decision-making priorities and to design policies for agricultural strategies, because only by reorienting these strategies could public intervention be economically and socially efficient.
Factors affecting the development of organic olive farming
Studies related to the nutrient content of organic foods have demonstrated higher concentrations of vitamins, carotenoids, unsaturated fatty acids, and polyphenols (Palupi et al. 2012) . In this context, Jiménez et al. (2014) studied the physicochemical characteristics and nutritional quality of virgin olive oils from two very common varieties in Andalusia (Picual and Hojiblanca) at different ripening stages, grown using organic or conventional methods. They found significant differences in the acidity, oxidative stability, tocopherol contents, fatty acid composition, and phenol contents of oils from organically and conventionally cultivated olives. However, the variety and the ripening stage had a stronger effect on the physicochemical and nutritional parameters than did management (organic or conventional). Therefore, due to the increasing demand for these types of products and environmental protection, further research is needed to analyse the effect of organic cultivation on the olive oil quality.
Additionally, the average European consumer places more value on "organic" olive oil than on conventional (Kalogeras et al. 2009 ). However, in Spain, the impact and importance of the organic market are not very high compared with those in other countries . A search for the reason implies ascertaining the reasons why the average consumer of organic olive oil buys this product. In Spain, the reason for this decision is usually health related, for food safety, and taste (Gracia and Magistris 2008; Vega-Zamora et al. 2013) . However, the idea of expanding organically cultivated products was originally based on preserving the environment and promoting rural economic development. In this line, some studies have related these values with the decision of purchase (e.g. Honkanen et al. 2006 ), but in general most studies conclude that the decision is more personal and selfish and not based on environmental benefits. In fact, it is necessary to question the consumers directly as to whether they buy organic olive oil also to benefit the environment (Vega-Zamora 2013).
Additionally, when a consumer is questioned for the superiority of organic foods compared to conventional, characteristics such as healthfulness, quality, or taste are not always so clear (Brennan et al. 2003) . Although some previous studies have related environmental protection to a preference for organic foods (Kriwy and Mecking 2012) , most ascribe less importance to the environment than to health as a purchase motivator. In the same context, other studies have related the lack of knowledge of the consumer with the low consumption of organic products (MAGRAMA 2007) , which constitutes an obstacle for the expansion of such products, including olive oil.
On the other hand, the two main reasons why consumers do not choose organic olive oil in Spain is the high cost and the limited availability, together with generalized unawareness and confusion (Vega-Zamora 2013; Ecological 2016). Nor do Spanish consumers perceive important differences between organic and conventional olive oil, since they already very much appreciate the extra-virgin olive from conventional management, and, already being satisfied, consequently are not willing to pay the extra charge of organic oil. According to Vega-Zamora (2013) , it is crucial to undertake awarenessraising campaigns to boost the knowledge of consumers about organic olive, and it is also necessary to differentiate it clearly from the conventional oil, emphasising its differences in relation to health and taste. Additionally, it is necessary to make organic olive oil more accessible in the common shopping sites, this requiring more extensive distribution. In this line, the private sector, producers, and intermediate agents must actively take part in this process by supporting the public administration.
In this same context of difficulties, organic farmers are frequently at a certain disadvantage compared with conventional ones. One of the reasons may be that conventional olive agriculture depends less heavily on land, as they use great amounts of energy and nutrients from fossil and mineral sources (Guzmán et al. 2011) . The concept of sustainability in agriculture involves a land cost that should be included as an external cost and given monetary value. In this context, Guzmán et al. (2011) developed this concept by applying it to organic farming, estimating that the land cost of agrarian sustainability for establishing the comparison between organic olive and conventional olives in orchards in Andalusia. These authors have shown that agroenvironmental subsidy is not enough to induce the olive farmer to switch to organic farming because the land cost of this new system is not sufficiently offset. It was also shown that encouraging the multifunctionality of the land could reduce these extra costs. Encouraging the change to organic olive cultivation in Andalusia could be achieved by promoting the creation of alperujo composting plants, the maintenance of hedges, and the use of biofuels in agricultural machinery, according to Guzmán et al. (2011) .
In general terms, Table 1 presents an analysis of the strengths, weaknesses, opportunities, and threats (SWOT) for the Spanish organic olive production and trade. It is important to point out that despite the economic crisis and a complex and unfavourable context, the interior trade of organic products has slightly increased (in amount and value), this being an important sign of the great potential of growth of organic farming in Spain.
One threat for Spanish olive oil production is that several other Mediterranean countries are improving their final oil product and making it more competitive. Facing this situation, Andalusia should promote the products of organic agriculture in which it can be more competitive, encouraging a strong and differentiated image of quality. Moreover, with the incorporation of a higher number of consumers in the EU market, there is a growing potential market for Andalusia products. Additionally, organic Andalusian agriculture already has commercial channels of exportation for some products such as olive oil. In this context, international export would not be difficult for the organic version of these products, resulting from promoted diversification and differentiation by quality.
Smallholders are still more vulnerable to these problems when they are not part of any organisation. However, according to "Plan Andaluz 2007-2013", productive diversification is still a disregarded problem. In this sense, the design of the public funding sometimes generates difficulties for small farmers: lack of information to process the applications, complicated compliance of the minimum in surface area when having diverse and varied crops, and disadvantages when compared with farmers linked to agroindustries (sometimes also subsidised). In addition, obstacles in the productive and commercial chain are other problems for organic production in Andalusia. For example, adequate supplies are lacking or deficient, such as seeds, phytosanitary products, manures, fodders for livestock, and the commercial distribution channels. Therefore, it is of high priority to invest in research and education programmes, to make progress in this promising sector. Organic farming is a strategic investment linked to the environmental protection but, furthermore, these activities might attract young people towards rural areas, which are currently affected by depopulation, and help solve the ageing problem of rural areas in Andalusia (Molinero and Rodríguez 2012) .
On the other hand, in Andalusia, large stores and hypermarkets price organic products comparatively higher than analogous conventional products, fomenting the wrong perception of exclusivity to consumers. However, the sale of organic products in small and medium stores could generate in the consumer an impression of confidence based on the image of proximity and familiarity with these shops. In this context, some studies have analysed the willingness to pay in different countries. Gil et al. (2000) estimated this in different segments of customers in Spain for organic products. For this purpose, these researchers considered a wide range of food products such as vegetables, potatoes, cereals, fruits, eggs, chicken, and red meat. Consumers in two regions (Madrid and Navarra) were analysed. Their results indicated that consumers who were worried about a healthy diet and environmental problems were the most likely to buy organic food, and were willing to pay a high extra cost.
A similar study was carried out by Espejel and Fandos (2008) in Aragón (Spain), who analysed the relation between the perceived qualities of a protected designation of origin of olive as a determining factor of the purchase intention. They demonstrated that the quality measured by intrinsic attributes is the only motivation to buy for the consumer (colour, flavour, shape, and appearance in the market). However, attributes such as place of origin or the image of a traditional product do not exert an important influence. These authors found that the reason is probably the short time that the protected designation of origin of olive oil has been in force.
Likewise, Bernabéu and Díaz (2016) studied the preferences of olive oil consumers and to propose business strategies for the production sector. They concluded that consumers prefer low-priced oil, extra virgin, and organic. The appearance of the bottle was not relevant in the decision making when buying olive oil, although it could be a factor in expanding the market share (Bernabéu and Díaz 2016) . Currently, according to these authors, there are two consumer segments: 67.1% of them based their buying decision on price while 32.9% were guided by the product's specific attributes, including organic production.
Thus, this indicates that it is important to improve and invest in innovation, since this may be the key for the competitiveness of organic olive oil. Diversification is a good opportunity for positioning organic products in the demanding global market. Additionally, growing concern of the consumer in relation to safety and healthiness of the products and respect for the environment has promoted the imposition of new requirements on the food industry. Thus, the promotion of organic olive oil for the public and private sector should be of high priority.
Decision-making factors for the consolidation of organic olive farming
The development and promotion of organic olive farming will depend of the general perception of the Spanish and European consumer (Fig. 3) . As mentioned above, factors affecting the decision of when to buy organic olive oil remain unclear. Some authors have pointed out that the main motivation is the oil's region of origin (Delgado and Guinard 2011) , but this is true mainly for experienced, local, or family consumers, while this factor does not affect urban or less experienced consumers (Caporale et al. 2006) . Other reasons include the health benefits of organic olive oil and, of course, flavour. Thus, organic olive oil should be promoted as beneficial for health and consequently advertising strategies and policy measures should be based on these claims. According to our results, we recommend educational and research programmes to encourage the demand of these products, positively affecting consumer health, protecting the environment, and improving rural economies. However, the future of organic agriculture will depend on its economic viability and on the determination shown by governments to protect these practices. Further support for funding research is needed to continue studying the effect of olive cultivation on soil biological quality, changes in soil properties, and biodiversity. More importantly, these beneficial extra outputs produced for society must be interiorised in the economic value to compensate organic oil producers.
Furthermore, for organic olive farming in Andalusia to be a feasible alternative to conventional farming, the extra costs need to be offset by the national and regional governments (Fig. 3) , since the market is unable to do so at present. An Fig. 3 Decision-maker consumer factors in relation to environmental impacts and benefits for conventional vs. organic farming innovative solution for the near future to compensate for these costs may be to take into account the "Payments for Environmental Services" scheme. Currently, there is a hot topic relating to the financial assessment of these services, to give monetary value to such services and how this might be done. From this review, we can summarise the following strengths and future perspectives: & Andalusia has a large cultivated surface area and a mature structure of production & It has a prestigious certification structure & The local consumption is still limited but with high potential & The distribution by means of short channels represents a good opportunity to reduce the cost for production & International consumers in demanding organic products are predicted to increase in the coming decades & The organic production could be an alternative or differentiation to certain sectors such as olive sector & Organic production is predicted to generate employment
We conclude that the economic support incentives for the promotion of organic products, which are limited to a higher price tag for its products, are not sufficient. Government strategies designed to promote organic olive cultivation should compensate by funding the higher land cost that organic farmers have, to increase the sustainability of their crops. This is of high priority because organic olive farmers are unable in some cases to compete with conventional ones because of the costs they have in order to reach the same production level. This is why the EU Common Agricultural Policy compensates organic farming with agroenvironmental funds. However, these measures may not be sufficient in the context of a Mediterranean climate.
In this context, the consumer has the final decision about how much money can be allocated to promote organic production and to choose which products they may support. Awareness-raising campaigns are crucial to enrich the knowledge of consumers concerning organic olive oil and differentiating it clearly from the conventional, emphasising its differences in healthfulness and flavour. The introduction of organic oil in the common commercial areas where the average consumer normally shops is also necessary, not only in the large shopping malls. The first and main step to achieve a higher assessment and consumption of organic olive oil should be an extensive programme of education and transfer, from primary schools to university levels, but also including hotels, the catering sector, and public services (e.g. hospitals and schools). Authorities and consumers need to join in this transformation towards more sustainable Andalusian olive farming, given the vital importance in protecting and conserving agricultural soil. Commercial olive orchards under organic management may promote and conserve soil quality and health, and the future of organic olive orchards will depend largely on consumer demand. Consequently, it is necessary to develop a consumeroriented approach to understand how to shift in terms of market dynamics. A clear understanding of consumer attitudes and preferences and the motivations of consumer when making the choice for organic olive products is necessary to meet this specific demand.
